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What is claimed is: 



A method for foraiing titanium silicide on a supporting substrate comprising 
silicon, comprising the steps of: 

depositing titanium on the supporting substrate; and 
annealing the supporting substrate in a processing chamber at a pressure 
of at\east approximately 1 . 1 atmospheres to form titanium silicide on the 
supporting substrate. 



2. The method \f claim 1 , wherein the supporting substrate comprises a bottom 
10 of a contact hoi 

3. The method of claim\^, wherein the contact hole has an aspect ratio of at least 
2:1. 
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The method of claim 1, wherein thejtitanium i\ deposited to a thickness of 
approximately 500 to 2,000 an^trohis. 



The method of claim 1, wherein thf pi^ocessing phamber contains an inert gas 
ambient. 



The method of claim 1, wherein tnp 
containing ambient. 



processim chamber contains a nitrogen- 
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The method of claim 1, wherein the annealing step is^erformed at a 
temperature of less than approximately 700ldegrees CeMus. 



A method for forming an interconnect in a contact hole defined by walls of an 
insulating material and a supporting substrate, comprising the si^ps of: 
depositing titanium on the supporting substrate; 
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depositing a titanium nitride layer on the walls of the contact hole and the 
supportiW substrate; 

annearing the supporting substrate in a processing chamber at a pressure 
of at least apVoximately 1.1 atmospheres to form titanium silicide between 
the supporting substrate and the titanium nitride layer; 

forming a tungsten plug in the contact hole on the titanium nitride layer; 

and 

forming a metal iW on the tungsten plug over the contact hole. 
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9, 



10. 



11. 



12. 



13. 



14. 



The method of claim 8, wherein the contact hole has an aspect ratio of at least 
2:1. 



The method of claim 8, wherein tlae titani 
approximately 500 to 2,000 angstroms 

The method of claim 8, wherein the tita 
thickness of approximately 30 to 300/; 



1^ is oieposited to a thickness of 



nitri le is deposited to a 



The method of claim 8, wherein the propessings^hpnber contains an inert gas 
ambient. 

The method of claim 8, wherein the annealing stt i is Wrformed at a 
temperature of less than approximately 700 degrees Celsius. 

The method of claim 8, wherein the tungsten plug is formed T>y depositing 
tungsten and force-filling the deposited tungsten into the contac^ hole at a 
pressure of at least approximately 1.1 atmospheres. 
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1 5. Thd method of claim 8, wherein the tungsten plug is formed by depositing 
tungsten using chemical vapor deposition at a pressure of at least 
approximately 1.1 atmospheres. 



5 16. 



The method of claim 8, wherein the metal line comprises aluminum. 



1 7. The method ofclaim 8, wherein the metal line has a thickness of 
approximately 2^000 to 5,000 angstroms. 
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20. 



21. 



A method for forming an interconnect in a contact hole defined by walls of an 
insulating material andva supporting substrate, comprising the steps of: 
depositing titanium \)n the supporting^ubstrate; 

annealing the supportmg substfrajte in a processing chamber at a pressure 
of at least approximately 1 . l\atmo^Dheres to form titanium silicide on the 
supporting substrate; \ / i 

forming a tungsten plug in'the contact hol^, wherein the tungsten plug is 
supported by the titanium silicide 

forming a metal line on the/ 



sten plug over the contact hole. 



The method of claim 18, whe^in the cort^a^ hole has an aspect ratio of at 
least 2:1. 

The method of claim 18, wherem the titanijum is\jeposited to a thickness of 
approximately 500 to 2,000 angstroms. 



The method of claim 18, wherein the processing chaml^er contains an inert 
gas ambient. 
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22. \ The method of claim 1 8, wherein the processing chamber contains a nitrogen- 
iontaining ambient. 

23. TheVethod of claim 1 8, wherein the aimealing step is performed at a 
tempetature of less than approximately 700 degrees Celsius. 
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The meth\d of claim 1 8, wherein the tungsten plug is formed by depositing 
tungsten anci force-filUng the deposited tungsten into the contact hole at a 
pressure of atMeast approximately 1.1 atmospheres. 

The method of clW 18, wherein the tungsten plug Is formed by depositing 
tungsten using chemical vapor deposition at a pressure of at least 
approximately 1 . 1 atnaospheres. 



The method of claim 18,Vherein 




line comprises aluminum. 



The method of claim 18, wh^ein the meta^ line has a thickness of 
approximately 2,000 to 5,000 angstroms 

A method for forming an mteifconAect ink contact hole defined by walls of an 
insulating material and a supporting^substrate, comprising the steps of: 



g substrate; 
the walls of the contact hole and the 



depositing titanium on the supporti 

depositing a titanium nitride layer o) 
supporting substrate; 

annealing the supporting substrate at a pressure of at least approximately 
1.1 atmospheres to form titanium silicide bet>A^en the supporting substrate 
and the titanium nitride layer; 

filling the contact hole with a conductive material, utilizing a pressure of 
at least approximately 1.1 atmospheres; and 
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forming a metal line on the conductive material over the contact hole. 

The metWsfd of claim 28, wherein the contact hole has an aspect ratio of at 
least 2:1. 

The method of\laim 28, wherein the conductive material comprises 
aluminum. 



A method for forming an interconnect in a contact hole defined by walls of an 
insulating material andNa supporting substrate, comprising the steps of: 
depositing titanium On the supporting substrate; 

annealing the supporting subsVaJtfat a^ressure of at least approximately 



licide on 



1.1 atmospheres to form titanium & 

filling the contact hole witWdonductive 
at least approximately 1.1 atmo^sp^I^eres; and 



e supporting substrate; 
material, utilizing a pressure of 



forming a metal line on the coFiductive material over the contact hole 



The method of claim 31, wherein the opntact hole has an aspect ratio of at 
least 2:1. / 

The method of claim 31, wherein the annealmg step comprises annealing in a 
processing chamber having an inert gas aribie^t. 

The method of claim 31, wherein the annealing step comprises annealing in a 
processing chamber having a nitrogen-containing ambient. 



The method of claim 3 1 , wherein the conductive material comprises 
aluminum. \ 
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36. The method of claim 3 1 , wherein the conductive material comprises tungsten. 



37. 



38. 



39. 



40. 



41. 



A method for filling a contact hole with a conductive material, comprising the 
steps of: 

depositing the conductive material in the contact hole; and 
force-fllling^^he (^ndijcfr^ material into the contact hole using a pressure 

The method of claim jB 7, wherein the contact hole has an aspect ratio of at 
least 2:1. 



The method of clai 
aluminum. 




37, vmerein the conductive material comprises 



The method of claim 37, ^herei\the conductive material comprises tungsten. 

The method of claim 37, wherein th\ depositing step and the force-filling step 
are performed simultaneously. 



42. An interconnect stsjicture formed in a contact hole overlying a supporting 
substrate, comprising 

a titanium silicide l^r on the supporting substrate in the contact hole, 
wherein the contact hole has^ aspect ratio of at least 2:1; 

an aluminum plug fill, relaO^ely free of voids, supported by the titanium 
silicide layer; and 

a metal line electrically coupled to>pd formed over the alxmiinum plug 

fill. 
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The interconnect structure of claim "42, wherein the metal line comprises 
aluminum. 



A method forYilling a via between two metallic conductive layers with a 
conductive material to contact the metal layers, comprising the steps of: 
depositing theVonductim^naterial in the via; and 

force-filling the Conductive Aaterial into the contact hole using a pressure 
of at least approximatel5(!l.l atmdspheres such that the conductive material is 
in electrical contact wi/hM. least two layers of metal. 



/ 



The method of claim 



44, wheran/the via has an aspect ratio of at least 2:1. 



The method of claim 44, wherein the\conductive material comprises 
aluminum. 

The method of claim 44, wherein the conducive material comprises tungsten. 

The method of claim 44, wherein the depositing step and the force-filling step 
are performed simultaneously. 

A method for filling a via in an insulating material with a conductive material 
to contact a metal layer, comprising the keps of: 

depositing the conductive material ir^||ie via and^onto the top surface of 
the insulating material; and , . ^ 

force-filling the conductive material into W contact hole using a pressure 
of at least approximately 1 . 1 atmospheres 

I 



The method of claim 49, wherein the via has an aspect ratio of at least 2: 1 . 
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51. 



lemethod of claim 49, wherein the via has an aspect ratio of at least 5:1. 



52. TheViethod of claim 49, wherein the conductive material comprises 
aluminum. 



53. 



The methoq of claim 49, wherein the conductive material comprises tungsten. 



54. The method ofclaim 49, wherein the depositing step and the force-filling step 
are performed siinultaneously. 

55. The method of claim M, wherein the conductive material on the top surface 
of the insulating materia^^ is pattem^d^d etched to provide conductive paths. 

. r 

56. The method of claim 55, andiurther comprising the steps of: 



forming a layer of insulating material 

forming at least one via there;Jhrough 
conductive material; 

depositing conductive material irl the 
last formed layer of insulating; material? 

force-filling the conductite material 
least approximately 1.1 atmospheres; and| 

patterning and etching the conductive material on the top surface of the 
last formed layer of insulating material tel. provi^ conductive paths. 



over the conductive paths; 
to electrically contact the 

via and onto the top surface of the 

the via using a pressure of at 



57. The method of claim 56 wherein the fiirther steps are; repetitively performed a 
desired number of times to create multiple layers of metalizatioir^aving interlayer 
contacts formed therebetween. 



58. An integrated circuit comprising: 
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a substrate having circuitry formed therein; 
a first insulating layer formed over the substrate; 
a contact holeJiaving an aspect ratio of at least 2: 1 formed through the 
first insulating layers 

an aluminum plug Mil /in the contact hole, relatively free of voids, 



electrically contacting ihe|i^ui^^ 
a metal line electrlcar • — 



fill; 



iy coup 



ed to and formed over the alimiinum plug 



a plurality of further/ insulating\ayers having metal lines electrically 
coupled to lines on other insulatin*^layers by aluminum plugs which are 
relatively free of voids and formed in viak having aspect ratios of at least 2:1. 



The integmed circuit of claim 58 wherein the aspect ratios of the contact hole 
and vias are ^^ast 5:1. 



A method for formmg a dielectric laye^f between two conductive layers, 
comprising the steps of: 

depositing a dielectric material onto \ first ^nducti^e layer having high 
aspect ratio structures; and 

force-filling the dielectric materiial into i 
at least approximately 1.1 atmospheres. 



The method of claim 60 wherein the force 
pressures between approximate 10 to 50 



The method of claim 60 wherein the force-filling step^is performed at 
temperatures less than approximately 600 degrees Celsius. 




using a pressure of 



lingWep ip performed at 
spheres. 
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63. V^he method of claim 60 and further comprising the step of forming a second 
mductive layer over the dielectric material. 

64. The method of claim 60 wherein the force-filling step comprises reflowing 
the dielectric at a temperature of less than approximately 600 degrees Celsius 
and at a pressure between approximately 10 to 50 atmospheres. 



65. 
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The method orclaim 60 wherein the force-filling step comprises reflowing 
the dielectric at ktemperature of less than approximately 500 degrees Celsius 
and at a pressure greater than 50 atmospheres. 

r 

The method of claim 60\vherein the force^filling step comprises a step 
selected from the group co'kisisting of a rapid thermal anneal and a furnace 
reflow at temperatures less than ap proximately oOO degrees Celsius and at a 
pressure greater than approximately 1.1 atmospheres. 



The method of claim 60 wherein ithi 



selected fi*om the following group consisting of: 



dielectric layer comprises a material 




Doron nitride, boron silicon 



nitride, polymeric oxides, and pla^^a o: 

A method for forming interconnect structures^defmed by walls of an 
insulating material and a supporting substrate, qtjmprismg the steps of: 

depositing titanium between the walls of ins\j}^ting material on the 
supporting substrate; 

annealing the supporting substrate at a presisure ofat least approximately 
1.1 atmospheres to form titanium silicide on the supporting substrate; 

filling the contact hole with a conductive material, utili^ng a pressure of 
at least approximately 1.1 atmospheres; 

forming a metal line on the conductive material over the coiit^ct hole; 
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formii^ a layer of insulating material over the metal line; 
formingVt least one via through the layer of insulating material to 
electrically coWct the metal line; 

depositing conductive material in the via and onto the top surface of the 
last formed layerbf insulating material; 

force-filling tWe conductive material into the via using a pressure of at 
least approximately Vl atmospheres; and 

patterning and etching thfe^^^dufctive material on the top surface of the 
last formed layer of insWk^ material to provide conductive paths. 

The method of claim 68 wherein the vias are force-filled at pressures of 
greater than 10 atmospheres^nd at a temperature of less than approximately 
500 degrees Celsius. 



The method of claim 68 wpreinme vias are force-filled at pressures of 
between approximately 10 to 50 annospheres and at a temperature of less than 
approximately 500 degrees Celsius.X 



A method of filling structures having aspect ratios greater than 2:1 formed on 
a semiconductor substrate comprismg the step of: 

force-filling a material at a pressure greater than approximately 1 . 1 
atmospheres and at a temperature less than ^proximately 700 degrees 
Celsius. 



